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$\psi=U(R)\exp[i(n\theta+\theta_{0}+f(r))]$ $\equiv U(’)\exp(i\Theta)$ , (2)
(spiral wave solution) $\delta$ $(<<1)$ $k$ aysmtotic
wave number $\deltaarrow 0$ $karrow 0$ $\gamma=\gamma,$ $+i\gamma_{i}$
$n\in Z$ winding number vortex core $\Theta$










$U=U^{0}(\delta)+\epsilon U^{1}(\delta)+\epsilon^{2}U^{2}(\delta)+\ldots$ , $(6a)$
$\Theta=\Theta^{0}+\epsilon^{2}\Theta^{2}+\ldots$ , $(6b)$
(6) (1)



















$\Phi_{Y}+v\Phi=-\Theta_{X}^{0}$ , $\Phi_{X}=\Theta_{Y}^{0}$ , $(13a)$
$v\Phi_{Y}+\triangle\Phi=2\pi n\delta(X)\delta(Y)$ , $(13b)$
$\Phi$ (1 3) $\Phi$
$\Phi=$ -nexp $(- \frac{vY}{2})K_{0}(\frac{|v|}{2}R)$ , (14)
$R=\sqrt Y^{2}$ ] $2$ (1 3) (14)
$\Theta_{X}^{0}=\frac{n}{2}\exp(-\frac{vY}{2})[vK_{0}(\frac{|v|}{2}R)$ –lvlsin\mbox{\boldmath $\theta$} $( \frac{|v|}{2}R)]$ , $(15a)$
$\Theta_{Y}^{0}=\frac{n|v|}{2}\exp(-\frac{vY}{2})\cos\theta K_{1}(\frac{|v|}{2}R)$ , $(15b)$




$+K_{j} \cdot R_{j}+\sum_{k\neq j}\Theta_{k}^{0}(X_{j}-X_{k})$
, (16)
$J=(\begin{array}{ll}0 -11 0\end{array})$ $C$ Euler (1 6) 2
$\sum_{k}\Theta_{k}^{0}$ $X=X_{j}$ Taylor 1





















$\triangle\psi_{0}^{1}+\psi_{0}^{1}-2|\psi_{G}|^{2}\psi_{0}^{1}-\psi_{G}^{2}\psi_{0}^{1*}=i\gamma i_{j}\cdot\nabla\psi_{G}$ , (23)





$\psi_{0}^{1}=i\exp(in_{j}\theta_{j})[\frac{n_{j}\theta_{j}}{2}Ji_{j}\cdot r_{j}(\log\frac{\gamma_{j}|i_{j}|r_{j}}{4}+C-1)+K_{j}$ . $r_{j}]$ , (24)
$\psi_{0}^{1}$ (2 3)
$L\psi_{0}^{1}=i\gamma i_{j}\cdot\nabla\psi_{G}$ , (25)
$L$
$Lu=\triangle u+u-2|\psi_{G}|^{2}u-\psi_{G}^{2}u^{*}$ ,
$\int_{D}{\rm Re}[u(Lw)^{*}-w(Lu)^{*}]dx=\int_{\delta D}{\rm Re}[u(\partial_{n}w)^{*}-w(\partial_{\iota}u)]dl$, (26)
$D$ $R^{2}$ $dl$ $\partial D$ $n$ $\theta D$
$u$ , w
$u=e\cdot\nabla\psi_{G}$ , $w=\psi_{0}^{1}$ (27)
$u$ $Lu=0$ $e$





$n_{j} \gamma;1o_{\gamma}g\frac{|_{7}\cdot i_{j}|}{|i_{j0}|}$ ), (29)
$i_{j0}=4 \exp(\frac{\alpha_{j}}{n_{j}^{2}}+\frac{1}{2}-C)$ ,
$\alpha_{j}=$
$\lim_{0arrow\infty}[\int_{0}^{o}(\rho_{G^{2}}’+\frac{n_{j}^{2}\rho_{G}^{\prime 2}}{r^{2}})rdr-n_{j}^{2}\log r_{0}]$ ,
279
$|n|=1$ ijo\equiv d\sim $.29 $[3][4]$ (1 7)
$( \sum_{k\neq j}\nabla\Theta_{k})_{x=x_{j}}=\frac{M_{j}}{2}i_{j}$ , (30)










$=n_{2} \exp(-\frac{rv_{2||}}{2})[K_{1}(\frac{|v_{2\perp}|}{2}r)|v_{2\perp}|-K_{0}(\frac{|v_{2\perp}|}{2}r)v_{2||}]$ , ($1c)
$\tilde{\gamma}v_{2\perp}-n_{2}\log\frac{|\gamma_{i}i_{2}|}{d}v_{2||}$
$=-n_{1} \exp(\frac{rv_{1||}}{2})[K_{1}(\frac{|v_{1\perp}|}{2}r)|v_{1\perp}|+K_{0}(\frac{|v_{1\perp}|}{2}r)v_{1||}]$ , $(31d)$
$\tilde{\gamma}=\frac{\gamma,}{\gamma:}$ , $r=|r_{1}-r_{2}|$ ,
$v_{j||}= \frac{\gamma:i_{j}\cdot r}{r}$ $v_{j\perp}= \frac{\gamma:i_{j}\cdot Jr}{r}$
$r=const$ . (3 1 ) $n_{1}=n_{2}=$
$1$ $(n_{1}=n_{2}=-1)$ (3 1)






$v_{1||}=v_{2||}=0$ , $v_{1\perp}=v_{2\perp}\equiv V$ (33)
$V$ $0$
$r=r^{0}+\tilde{r}$; $r=x_{1}-x_{2}$ , $|r^{0}|\equiv r^{0}=const$ .
$i_{j}=i_{j}^{0}+\tilde{l}_{j}$ ,
(3 1) $\sim$
$\tilde{v}_{1||}=-\tilde{v}_{2||}$ , $\tilde{v}_{1\perp}=-\tilde{v}_{2\perp}$ , $\tilde{r}=r^{0}\exp(\alpha t)$ , (34)
$\tilde{v}_{j||}\propto\tilde{r}$ , $\tilde{v}_{j\perp}\propto\tilde{r}$ , (35)
$\alpha=\frac{2z|V|}{Dr^{0}}[K_{1}(K_{1}-zK_{0})=K_{1}’(1-zK_{1})]$ , ($6)
$D=-(K_{0}^{2}+K_{1}^{2})z^{2}+zK_{1}+K_{1}^{2}$ ,
$z= \frac{r\uparrow V|}{2}$ $K_{j}=K_{j}(z)$ $(j=0,1)$ ,
$K_{j}$ $i$ $\wedge$
(3 2) (33) (3 1)
$\log\frac{|V|}{d}=-K_{0}(z)$ , $z=K_{1}^{-1}(|\tilde{\gamma}|)$ , (37)
(3 7) $\alpha$ $z$
1 $zarrow+0$ $\alphaarrow+0$ $zarrow\infty$ $\alphaarrow\frac{2|V|}{r^{0}}$ $\alpha$
(3 2)






$\beta$ $z$ 2 $zarrow+0$ \beta \rightarrow $-0$
$zarrow\infty$ \beta \rightarrow \infty $z$ \beta $z$ $r$
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